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1. htroductio n
Tillquite re ce ntly, a sedim e nt trap experim e nthad be en onlyo ne m ethodfo r
tim e- s eries obs erv atio nof biogeo chemistryin the oc ean･ Recentpr ogr e s sin the r em ote
se n sl ngte chn ologyhas als oen able usto u ndersta nds e as o nalv ariabilityinthe sea
s u rfa cetemper attlre, Cll o r ophyll
- a, s olarirradiaJIC e, and windvelocitywhich data c an
be tLilized forthe r e s e arch of aiトS e aeXChaJlge OfC O2, Pdm ary pr odl Ctio n, ands oo n.
T his r eportisthepreli min a ryr e s ultofco mparis o nbetw e e ll Carbo nnu 又collectedby
tim e-s erie s sedim e nt trap a ndthepn m a ry pr oductivitye stim ated with s atellitedatafo r
the n o r【hw e ste r nNorth Pa cific(N WN P).
2. M ethods
21 Sedim eⅡt trap e xperim e nt
Sedirn e nt tr ap m oo rhgsyste m sw e redeployedat thre estations(stn. K NOT:
44ON,15 50E;stn･ SON:SOON, 1650E, stn. 40 N:400N,16 5OE)inthe NW NP fr o mDe c.
1997and May1999･ Tim e -serie s s edim e nt tr aps with 21r otary c ups w erein staled at -
1000,3 0CK),500 0m depths o n n o o n ngsystern･ Inlaborato ry, o rganic c a rbo n a nd
in o rganic carbo n ofs ample s with sizelessth an1rn m w er m e a s ured witha nele m e ntal
aJlalyz er, andsilica, calciu rn a nd al1lmin u m w er determin ed with Indu ctiv elyCot]pled
Pla s m a- Ato mic E missio nSpectrom etry.
2.2Satellite data
Ocean c olordata w er e observ edbySe aWiFSaboardthe OrvVie w-2 and
co n c e ntr atio n s chlo rophyll- a(chl- a)w ere calc ulated witha n alysis softw a reI-Se ada s v c r
3 3” s upplied byN A SA. Sea s urfac ete mperatu re(SST)w er e obtain edfrom NOA A-
A V H R R- MC SSTI As m o stof datadu ringthe experim e ntalperiod w er en ota vailable
be ca u s e ofclold c o ver o v el. the N W N P,SST dataillte rPOlated by
”Seadasve t3二3-I w er e
us ed fo rthis study･ SS T data obtained during1 w e ek a nd within approxim ately1
-6 5-
degre e squ are ar o u lldthre e s edim ent trapstatio n s w e re cornpiled･ Solarirr adiancedata
obse r v edbyVISS Rabo ard GMS-5 w ere s upplied byJapa nM ete orological Age n cy1
On e week data ofd airyin
'
adian c e(MJ/m 2/day)fo reach 1 degr e e w er cpmpiledarid
a v e r aged withsta nda rd de viatio n.
3. Re s ults
31 Sedim enttr ap e xperim e nt
Total m as sf 山xin c re a s ed inthelate spn ngto stl m 171e r atStn. KN O Ta ndstn.
SO N, a nd inthe e arlyspri ngatStn1 40 NI Collected m aterials consisted of, m ainly,
bioge nic m aterials(orga nic m atte r,CaC O3, a nd opal), and opalw as m ajo rco mpo n e nt,
ann u al a v e r age of which w a s- 5 0%for stn. KNOT a nd stn･ 50 N･ Se aso nalv ariability
in c arbo nflu x synchr o nized w ellwitlltOtalm a s sntlX andthe r atio ofo rga nic c a rbo n
nu xtoinorga nic carbo nnu x(Co/Cir atio)inc r eas ed in su mmer atstn s. E:NOT andSON
a nd in atltum n atStn･ 40N･ Opal 加Ⅹ atstn ･ KN OT andstn･ SO N increa s ed dr astically
fro m thelate sprlngtO Sum mer･ ands e as o n alv riabilityin opalntJ X W asla rge rthan that
inCaCQ31 Opal/CaCO3 r atio corrdated w ellwithCo/Cir atio･ Itimpliesthat the
in c rea s e ofthe Co/Cir atio wa s attri butedtotheincr e a s e ofpla nkto nwitll Opaltestsuch
asdiatom ･ Av erage v alu es ofc arbon 加 Ⅹ,Co/Cir atio and opal/Ca O3r atio atstn.
K NOT w er ethehighest am ongthre e statio n s, whichisindicativ e ofthat thebiological
pu mp atstn. KNO Tmightw o rkthe m o steffic e ntlyforthe uptake ofatm o spheric CO2
inthis r egl Ol .
3,2Satelliteda:ta
(1)Cl山a
Su rfac eChl- a co n ce ntration s w er e appr o xim atelyO･8 ±
`
0･3 mg/m3 ar oundstn.
KNOT a nd 0.6 ± 0.2 mg/m3 ar o uT)dstn. 4 0 N in Dec. 1997and 19 98. Chl_ a
co n c e ntr ation sw e r elo win winte r
,
de cre ased bythe middle ofMarch, a nd in c re as ed
tow ards um m e r a nd a ut um n･ M a xim u mof w eekly m e an ofchl- a co n c entration a ro und
stn･ K N O T, stn･ S ON, a ndstn･ 40 Nw erel･7 土 3･5 mg/m3(obs e r v ed in October),1.1 士
0･1 mg/m3(inSeptember),andl･1 士0･2pmg/m 3(inJuly), r e spe ctiv ely. M e all Valu e s
du ringthe expe rim e ntalperiodw ereO･6 mg/m 3for KN O T,O14 mg/m
3fo r stn. 50N,
a ndstn. 0.4 mg/m 3for stn. 40N.
(2)SS T
SST ar o u nd stn･ K NOT in Febru a
_
ry w aslow (- 才deg- C)arid highirlAugu st(-
17 deg- C)I Se as o n alv a riabilityinSST ar o u nd stn. 5 0Nsynchr onlz ed with thatar o und
stn･ KN O Taltho ugh the m a xilTl u m OfSST w a s- 5 deg-Clo werthaJIKN OT.
Compar ed withothe rtw o statio n s, seas on alv ariabilityillS STar o u ndsin. 50 Nshow ed
s m o othc urve
･ Itislikelythatstation5 0 N islo c ated inthe North PacificSubar ctic Gyre
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a ndthe water m a ssis c ompa rativ elystable･ S ST ar o u nd 40 Nw e rehighe rthan other
tw ostalio n5 a nd.SST inthelate_
s um mer orthe e arlya utu m nin c rea sed by - 25 °eg- C･
(3)Solarirr adiaTICe
We ekly m e an ofd ailys olarirr adia nc ehadlarge sta nda rd de viatio nfor
r e spe ctive station s･ ltshotl d be attrihltedtothat this valu e signific a ntlydepends o nthe
inte n se ofclo ud c o v erage, which is tlbiquitou sandchangeat)le within object are as.
Se as onalva riatio nin s olarirr adia n c earo und stn. K NOT w a slo w in De c embe r and
Jallu ary and be c arrlethebjghe stinJu n e. Ar o u ndstn. 5 0N,the 皿 e a n Values of
e xpe rim entalperiod w a slo werthan othe rtw o statio n s(8.2 M J/m2). In 1998, s olar
ilT adia nce ar o undstn･ 50N w asthe highestillJoy, whe n w a s ap pr omil atelyo n e m onth
afterthehighestperiod ar o u ndstn. K NOT. Tilerr)C an V alu e arou nd stn. 4 0 Nw a s
higherthan othe rtw o ar eas(10 3 M J/m 2). T hehighestsolarir r adiance of
appr o xim ately20 M J/rn2 w a s observ ed inJuly･ Acc ordingto
.
se as o nalv ariabilityin
SS T
,
s olarirradian c e aJld■photoperiod, period with ST m axim u m appeared intw o or
three m o nths afte rperiod withm axim u m s ola rirr adian c e orphotope riod･
4. Dis c u ssioll S
4･1 Prim ary productivity
Seaso nalvariabilityinthepri1Tl ary Productivity(P P)w as c alc u一ated withchトa,
S STbJld solarirr adia nc ewhich obtainedfr om SeaW iFS, AV H R R, and V IS S R,
r e spe ctively, and u sing e mpiric alequationspropo s edby(a)Be rge r(1989)and(b)
Behr e nfeldandF al ko w ski(19 97).
(a)Log(PP)= 2･7 93＋ 0･55 9 Log(C h トa) - - - - - - - - I - - - - - - - - 1 - - - I - - - - - - - - - - - (1)
(b)Pp 二 0･6612 5* Popt *〔E O/(E O＋4.1)】* Zetl* C h トa * Dirr - - - - - - - - - - - - - - (2)
wher e
,
C h トais s e a s urfa c echl- a co n centr atio n･ Poptis m a xim uTrlPP(mg-C/mg-Chl-
a/day)within a w a土er Colu m n, w hich is estim ated with SST e mpirically･ EQisthe s e a
s n血cephoto synthesis a vailable r adiatio n(P A R: m olqll anta/m 2/day). h this sttldy, EO
is as s u medtht1 M J/m2/dayis eqtlalto 2.0 m olqtl anta/m
2/day(Kishino , pers o n al
co ln m u nic atio nwi th rshiz aka
, 1998)･ Ze uisthephysical depthr e c eiving1 %of E O(m)
and estim ated withafu n ctio n ofchl･ apr oposed by Mo r ela ndBe rtho n(1989). Dirris
photoperiod(ho u r s)pe rday ands uppliedbyHydr ogr aphic Depa rtm e nt,Japa nM aritim e
SafetyAge n cy.
Fig･■1sho w stim e-se riesP Pe stim ated wi th bothequ atio n sfo r r e spe ctiv estatiollS
(solid lin e s). Inthisfigu re,the m a xim u ma nd minim u m valtle SeStim ated with
bou ndary v alues ofsta ndard deviatio n ar e als o sho w n(br oke nlin e s)(Notethatv e rtic al
a xis arelogarithm s c ale)･ P Pe stim ated withequ atioll 0fBehre nfeldandF al ko w ski
167 -
(
■B & F'requatio n)sho wlarger s ea s ollalvariabilitythallP Pe stim ated with Bergel
･
･
s
equ atiorl
,
(
-.Bf
l
equ atioll). Ingen e r al, P P fo rre spective a rea s w ashighe rdu rings uTn mer
and 】o w erin wintel'. ･Av e r age valu e ofPP by
-'B & F■ equ atio n a round stn, K NOT
in c r e ased by1,900ITlg
-C/1712/dayinSeptember a nd de cr e a sed by120 mg-C/m 2/dayin
winte r, whilethe m a x血 u m and minim u m valtle Sby
rlB.I equ atio n w e re･800mg/m
2/day
and 3 00皿g- C/m
2/day, r espectiv ely･ Ar o und stn･ 50 N,the m a xim tlm OfP P by
‖B & F･.
equatio n was at m o st 1,0 ∝) mg-C/m 2/dayin su m m er a nd P P de cre a s ebyBOmg-
C/m 2/dayin winter･ P Pappe a red inAugu st aro und40N w asthehighest(2,2〔氾mg-
C/m 2/day)am o ngthr e estatio n s. P P in the N W N P havebe en obs erved ｡nboa rd
previo usly･ Co mpa red ou r e stim ated v altle S Withvalu e sreportedpre viotlSy, altho ugh
wirlterP Pe stim ated by
T'B &Fninthis study w a sc o mparabletothatobserv edonbo a rd,
o urP Pare significantlyhighe r, espe ciallyln S ulTlm er a nd a utu m n.
4･2 Co mparison betw ee n estim ated P Pand o rgal血 c a rbon 凸t mbysedim e nt trap
ltha sbeen r eportedthato rgamic ca rbonfltlX C Olle cted bys edim ent trapr ene cted
o c ean PP･in othe r w o rds, highoTganic ca rbo nflu 又W a S Obs e r ved inthehigh
pr oductivity ar e a. Fill 1c ompar es s e as onalv ariabiltyln Orgardc c a rbo nnu 又 observed
bys edim e nt tr aps(ba rgr aph)withtha王in estim ated P P(axisis e xpre ss ed a slogarithm
s cale)･ Although P estilT).ated witll
I-
B
'-
equation werellOtC O re]ated withorgarlic
carbonflu x
,
PPestim atedwith FTB &FIIequ atio n coI Tela土ed w ell withorganic c arbo n
flu xfo r re spective station s. A ltho ughabs olute valu e sstillre main un certain,itc a nbe
s aidthat organic c arbo nflu x obs erved bys edim ent tr aps C Orrelatedpo sitiv ely with PP.
4 3 The e xportratio a nd v e rticalchangein orga nic c a rbo nflux
On e of thegoalofo ur studyisthe e stim atio n ofcarbo nnux at thelo wer
bo u ndary ofthe s u血 c emiⅩed layer(biologic alc arbo npu mp)withc arbonfhl X
obs e rv ed bys edim e nt tr ap m o or ed inthedeeps e ain orde rtoquantifythe r ole of
biologicalptlmPinthe uptake ofatm o sphericC O2･ Fo rthe sake ofthis, er npl nCal
equ atio nforthe e xportr atio(the r atio ofca rbo nflu xat thelo w e rbo undaryofmix ed
layertoP P)a ndv ertic al ch angein organic c arbo n伽 x should beproposed･ Following
empiric alequ ationpr opo s edpre viou sly(e.a, Sue ss,1980;Bet∑er et血 , 1984;Pa ce et
all
,
1987), w e e xpress ed the equationforP Pand v erticalchangein o rga nic c arbon as
follo w ing eXpOl-e ntfun ction;
Fc(z)= a * PPb * z (3)
wher e
･
Fc(z)is o rga nic c arbo nflu x atz m depth･ Fro m equ ation(3), o rga nic c arbo n
flu x atz m(Fc(z))and atzl m(Fc(zl))ha vefouowingrelation;
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Log(Fc(z))- Log(Fc(zl))= C*(Log(zト Log(z1))- - - - -- - - - - - - - - - T1 - - - - - 一 - I -(4)
Atfirst, w e calc ulatedc o n sta ntC using orga nic_
c arbo nflu x c olle cted at - 1000m ,
30 00m , a nd 50 00m fo r re spective stations･
Eqtlatio n(3)c a nbe c o nv ertedto
Log(Fc(z))≡ b*Log(PP) ＋ (Log(a)＋ C*Log(z))- - - --- - ～ - - -I- - - I - - - - - - - - I - (5)
Sequ e ntially, w e calc ulated
†l
a
”
arid ”b‖ u s111g O rga nic c arbo nnux at100 m a nd
orga nic carbo n加 Ⅹ at1000m estim ated with flux at3(カO m and 50 00m using
eqllatio n(4).
As a re s ult of these c alculation, equ atio n spr opo s edthis studyle adsthatthe
exportratiois - 8% forK NOT and - 15 % fo rS O Nand this ratiodec r e as e swi th
in c re a sil鳩 PP･ Vertic al changein o rg anic carbo nflu x estim atedthis studyis s malle r
tha n othe r studie s. Appr o xim ately50 %,26 %, a nd 3 6 %ofo rganic c arbo nflu x
expo rted fro m the upper1(氾m re a ched 1 0 0m depthar o u ndstn･ K N O T,50N, and
40 N
,
re spe ctively.
5. Co n c一u sio n
PPe s伝m ated withs atellite data(Chl- a,S ST,P A R) and tlSillga nempirical
equatio nbyBehl
･
ellfelda nd F al ko w ski(19 97)sho w edpo sitiv e c orr elatio nwith organic
c arbo nflu x c olle cted bys edim e nttraps althollghabs oluteP Pv allle S rem ains still
qtleStionable. Bas ed o nelT]Piric alequ atiollSfo rthe expo rtr atio(o rg anic c arbo natleo
m / P P)pr opo s edthis study,the an nualm ea n ofe xportr atiointhe n o rthw e ste mNorth
Pa cific(N WNP)is - 10 %and decr ea s e s with incr easingP P. Verticalch angein
orga nic carbo nnu 又w a s s mallerinthe NW NPthan other area･ For m o r edetail
dis c u s sio n o nbiologicalpumpin the N W N P, thede v elopm e nt ofalgo rithm for
estim ation of P P withsatellitedataforthe NWN Pandthe tim e- s eries obs er v atio n of
o rga nic c arbo nnu x e sinthe upperlayer withST ar e str o nglyr equ e sted･
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Fig･ 1 Se as o n alv riabi】jtyi叩 血 a rypr oductivity(P P)e stim ated with s atellitedata
usinge mpiric alequa血 n sproposedbyBehre nfelda nd Fa】kow ski(1997)(B & F)andBerge r(1989)(B)(lin egr aph), and o rganic c arbo nflu x(O C)obse rv ed bysedim enttraps at - 1000,3 000, and 50 00m(bargraph). Solid lil eSa nd br oke nlin esfo rP P
show a v erage andln a Xim u m/minim u m, r e spectively. NotethatO CandP Pv alu e sareinloga ritbIⅦ S cale.
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